Distraction osteogenesis is a valuable treatment method that allows limb lengthening or reconstruction of large bone defects. However, its major disadvantage is the long period required for the consolidation of a distraction callus. Osteogenic growth peptide (OGP) stimulates endochondral bone formation in fracture callus, but its capacity to promote regenerate ossification during distraction osteogenesis has not been evaluated. This study investigated whether intravenously administered OGP accelerated bone healing during distraction osteogenesis in 36 male New Zealand White rabbits, randomized into two groups. The treatment group received OGP (200 ng/kg body weight) in phosphate-buffered saline (PBS), intravenously, each day; the control group received PBS alone. A 15-mm lengthening of the right lower leg was performed using the method of Ilizarov. Evidence from biomechanical, histological and radiographic evaluations demonstrated that systemic OGP treatment promoted optimal new bone formation during distraction osteogenesis in this rabbit model.
Introduction
Bone regeneration is often essential for skeletal deformities and for correcting defects caused by severe injury and tumour resection. There is no doubt that distraction osteogenesis is a valuable treatment method because large cylinders of newly formed bone can be created, allowing limb lengthening or reconstruction of large bone defects. 1 However, formation of new bone is not always optimal during lengthening and bone transport procedures, despite the use of an appropriate distraction rate. 2 Many studies are being conducted to find biological agents that reduce the healing time and increase the quality of regenerated bone. 3 -10 Osteogenic growth peptide (OGP) is a naturally occurring tetradecapeptide, identical to the C-terminus of histone H4. 11, 12 OGP stimulates endochondral bone formation in fracture callus of rabbits and rats, thereby reducing the time to callus *Z-Y Zhao, L Shao and H-M Zhao contributed equally to this work. Osteogenic growth peptide accelerates distraction osteogenesis maturity and cortical union. 13 -17 To our knowledge, however, the capacity of OGP to promote regenerate ossification during distraction osteogenesis has not been investigated. The aim of the present study was to investigate whether systemically administered intravenous (i.v.) OGP accelerates bone healing during distraction osteogenesis in a rabbit model. 
Materials and methods ANIMALS

TREATMENT
The treatment group (n = 18) received OGP (200 ng/kg body weight) in 0.7 ml of 0.1 M phosphate-buffered saline (PBS), pH 7.4, via i.v. injection into an ear vein each day, from the first postoperative day until the time of sacrifice. 16 The remaining animals served as the control group (n = 18) and received 0.1 M PBS alone.
Benzylpenicillin sodium (20 000 IU/kg, twice daily) was administered prophylactically, pre-and postoperatively for 5 days, to minimize the risk of infection. Postoperative pain was managed with a subcutaneous injection of buprenorphine hydrochloride after surgery. All animals were caged individually under standard environmental conditions. 19
SURGERY AND DISTRACTION
All surgical procedures were performed under sterile conditions. Anaesthesia was induced with sodium pentobarbital, 30 mg/kg, i.v. A half dose was administered every 2 h to maintain anaesthesia during surgery. Hair on the right hind limb was shaved and the skin was cleansed with povidone-iodine (10%) solution.
Lengthening of the right lower leg by 15 mm was performed by callus distraction according to the method of Ilizarov, 20 after osteotomy and application of a ring fixator. The fixator was a construction of two rings: the tibia was fixed to each ring by three 1.5mm Kirschner wires and tension to 90 kg was applied on the right hind limb. The tibia was exposed subperiosteally, and a transverse osteotomy was performed with an oscillating saw just below the fusion site between the tibia and fibula ( Figs 1A and 1D ), avoiding the need for a fibulotomy. 21 Unrestricted weight bearing and activity were allowed postoperatively. After 7 days, distraction was started at a rate of 0.5 mm every 12 h for 15 days. The fixator was left in place for up to 50 days postoperatively.
RADIOGRAPHIC EVALUATION
On day 15 at conclusion of distraction (day 22 postoperatively) and on day 28 after cessation of distraction (day 50 postoperatively) radiographs were taken to monitor the progress of bone formation (Digital Diagnost; Philips Medical Systems, Hamburg, Germany). All films were evaluated in a blinded fashion by two radiologists, using a standardized scale (0, no bone fill; 1, bone fill > 0 < 25%; 2, bone fill ≥ 25 < 50%; 3, bone fill ≥ 50% < 75%; 4, bone fill ≥ 75% < 100%; 5, complete bone fill of the distraction gap). 4, 22 Osteogenic growth peptide accelerates distraction osteogenesis
HISTOLOGICAL EVALUATION
Six rabbits from each group were sacrificed on days 22 and 50 postoperatively, to allow histological examination: Tibial explants were fixed in 4% paraformaldehyde in PBS, pH 7.2, for 1 week. Tibias were demineralized in 14% ethylenediamine tetraacetic acid, pH 7.2, for 14 days or until all calcium was removed. The demineralized bones were washed twice in 0.1 M PBS, pH 7.4, for 15 min each and dehydrated in a graded series of ethanol. Samples were embedded in paraffin and cut into 5-µm sections. For a general overview, sections were stained with haematoxylin and eosin.
BIOMECHANICAL EVALUATION
On day 50 postoperatively, six rabbits from each group were sacrificed and the external fixators were removed. After soft-tissue dissection, the tibias were disarticulated from the knee and ankle joints for biomechanical C A E F D Osteogenic growth peptide accelerates distraction osteogenesis testing. To prevent drying, the fixated femurs were placed in cooled (4°C) saline solution in 0.1 M PBS, pH 7.4, until testing. Testing was performed ≥ 3 h after sacrifice. 23 Both ends of the specimens were embedded into custommade casting containers with polymethyl methacrylate (Palletry, Beijing, China). The specimens were clamped into a materials testing machine (DDL10; Changchun Research Institute for Testing Machines Co. Ltd, Changchun, China). The internal rotation of the specimens was tested to determine torsional stiffness because, during everyday activities, the lower limbs mainly experience torsion stresses. The measurement error was ≤ 0.3% of the actual value obtained.
STATISTICAL ANALYSES
All data are expressed as mean ± SD. Statistical analyses were carried out using the SPSS ® statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Statistical analysis of the data was performed using the two-tailed Student's ttest. A P-value < 0.05 was considered to be statistically significant.
Results
POSTOPERATIVE OBSERVATIONS
All rabbits were capable of full weight bearing immediately after surgery and, 7 days later, they returned to normal activities with a normal gait. All animals exhibited a good general health status without any signs of discomfort following the initial postoperative period. One animal in the control group was excluded, and subsequently replaced, due to a deep purulent infection. No other animals showed clinical signs of infection.
RADIOGRAPHIC EVALUATION
Correct positioning of the external fixator was con firmed by postoperative X-ray. Throughout the examination period, all tibias showed an unvaried physiological alignment of the bone. After the desired length of distraction was achieved on day 15 (i.e. day 22 postoperatively; Figs 1B and 1E) and on day 28 after the cessation of distraction (i.e. day 50 postoperatively; Figs  1C and 1F) , a larger volume of mineralized bone was found in the distracted zone of rabbits that had received OGP than in the control group. Qualitative assessment of the X-ray films showed that the rabbits that received OGP had radiographic bone-fill scores that were significantly greater than those of the control group (P < 0.05) (Fig. 2 ).
HISTOLOGICAL ANALYSES
On day 22 postoperatively, new bone had formed by endochondral ossification. Rabbits in the OGP-treated group showed more chondrocyte cells and new bone, compared with rabbits in the control group (Fig. 3) . On day 50 postoperatively, the OGPtreated group showed more organized new bone formation, and a more preferable cortical bone and marrow cavity formation, compared with the control group (Fig. 3 ).
BIOMECHANICAL TESTING
Biomechanical testing on day 50 postoperatively demonstrated that torsional stiffness was significantly greater in the OGP-treated rabbits than in the control group (P < 0.05) (Fig. 4 ).
Discussion
The process of distraction osteogenesis and its clinical application has been extensively studied. 3, 8 It is based on the tension-stress principle, as proposed by Ilizarov. 24, 25 A major disadvantage of this useful therapy is the long period required for the consolidation of a distraction callus. Several 26, 27 In a search of the published literature, no study addressing the impact of OGP treatment on distraction osteogenesis has been found.
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The present study demonstrated that systemically administered OGP enhanced the rate of regenerate ossification on distraction osteogenesis.
Biomechanical testing demonstrated that torsional stiffness was significantly greater in rabbits treated with OGP compared with the control group. Histologically, a larger volume of newly formed bone was observed in the OGP-treated group, compared with the control group. Radiographic evidence also supported the findings of histological examination, which showed that there was more mineralized bone in the distracted zones of rabbits that had received OGP than in the control group.
Osteogenic growth peptide stimulates the proliferation of osteoblastic cells and inhibits adipogenesis, as evidenced by a decrease in adipocyte numbers and an increase in serum alkaline phosphatase activity, the overall effect of which is to increase bone formation. 12 Moreover, OGP directly regulates progenitor marrow stromal cell differentiation into more osteoblasts and fewer adipocytes. 28, 29 Although ossification of the regenerate was enhanced by OGP in the present study, during distraction osteogenesis care would be needed to ensure that the OGP dose did not lead to premature consolidation that required a repeat osteotomy.
In conclusion, the present study indicated that systemically administered OGP promotes optimal new bone formation during distraction osteogenesis, and may shorten procedure duration and decrease the prevalence of complications. 
